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Abstract 
Oximeters used for continuous monitoring experience periods with no signal. This SpO2 drop-out is widely acknowledged 
and its causes generally understood. This is a prospectively designed analysis of an existing database with the aim of 
characterizing drop-outs as experienced in the neonatal ICU. The data reflects 116 days of monitoring in seven tertiary 
care neonatal ICUs in 6 countries.  From the evaluation of 1,396 drop-outs we found that typically the time was minimal 
with missing SpO2 data, and the episodes were short (median 2.79 minutes per day IQR 0.17–76, median 22 seconds 
IQR: 15–37, respectively). During about half of the days there were no prolonged dropouts (1 minute or longer), even so 
half of the total time spent with no SpO2 data were in prolonged episodes (median length 110 seconds IQR 85–150). The 
predominate factor associated with excessive drop-out time was the number of prolonged episodes rather than their 
duration. We concluded that the impact of drop-outs during manual control of inspired oxygen primarily impact alarm 
fatigue, but that during automatic FiO2 control they could have an important impact. The relative effectiveness of the fall-
back strategies of these automatic control systems ought to be evaluated. 
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Background 
Continuous monitoring of neonatal oxygenation 
using the pulse oximeter is an essential tool in the 
neonatal intensive care unit (NICU). Relatively small 
changes in overall exposure to high and low extremes 
of peripheral oxygen saturation (SpO2) levels have 
been shown to have significant impact on neonatal 
outcome [1, 2]. In addition, exposure to extreme levels 
have been shown to be primarily episodic with epi-
sodes of 1 minute or longer contributing most signifi-
cantly to bad outcomes [3]. 
While an essential tool, the use of the pulse oximeter 
is problematic. False alarms are common and known to 
create significant alarm fatigue [4]. It is well docu-
mented that this leads to risks of frequent disregard for 
alarm policy and SpO2 targeting guidelines [5]. 
The reasons for these false readings, that is artifact, 
are understood. They are primarily caused by motion, 
low regional perfusion and loss of sensor integrity. 
Even though the SpO2 is calculated based on an 
average of 3–15 pulses, there are still occasions when 
no reading is presentable.  In this occasion it is said that 
the SpO2 reading “drops out”. While this is a common 
occurrence, we are unaware of any reports character-
izing drop-outs in the NICU. 
Much of the practice of adjusting the inspired oxygen 
using pulse oximetry is applied pragmatically by the 
attending nurse. General good practice would dictate 
that oxygen adjustments should be made judiciously, 
with a goal of avoiding responses to false positives or 
providing unnecessary extra oxygen in response to 
a short transient physiological perturbation. Periods of 
drop-outs are treated in the same manner. However, 
new neonatal ventilators offering nearly continuous 
automated adjustment of FiO2 based on monitored 
SpO2 have been shown to be quite effective [6]. 
International standards do require fail-back modes for 
periods of missing or unreliable signals. “Fall-back” 
being the preferred term to the commonly used, “fail-
safe”. 
As a part of our work to improve alarm and oxy-
genation control practices, we are evaluating a large 
database of SpO2 recordings from NICUs. As part of 
this EPI-SAT project, we supposed it important to 
characterize the frequency and duration of SpO2 drop-
outs as they occur in real NICUs. 
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Methods 
The EPI-SAT database includes 116 days of continu-
ous SpO2 data from 58 significantly preterm infants 
receiving respiratory support and supplemental oxy-
gen. These infants all participated in studies of SpO2 
control and are from seven neonatal ICU’s in six 
countries [7, 8]. Consent was received for participation 
in the studies and all the data in the EPI-SAT database 
is de-identified. 
SpO2 readings were collected every 5 seconds, by 
a data-logger attached to the digital output of a me-
chanical ventilator (AVEA-CLiO2, Vyaire Medical, 
Irvine, CA, USA). The oximeter used Masimo SET 
technology (Masimo, Irvine, CA, USA) with averaging 
set at 8 seconds. Purpose built software (MatLab, 
MathWorks, MA, USA) evaluated drop-out episodes 
and parsed them into 5 duration categories: < 5 s, 5 to 
< 30 s, 30 to < 60 s, 60 to < 120 s, 120 to < 600 s. 
Episodes of 10 minutes or longer were excluded as 
likely procedural interventions, rather than drop-outs. 
The latter two categories (length of 1 minute or greater) 
were defined as being relevant to SpO2 control (FiO2 
adjustment). High outliers were identified based on 
a standard nonparametric method. Specifically the high 
outlier threshold was the interquartile span plus the 
seventy-fifth percentile. 
Differences between the outlier and non-outlier 
groups were compared with the Mann-Whitney U-test. 
Differences among the 5 episode length categories 
were compared with the Kruskal-Wallis test with 
Dunn’s procedure for pairwise comparisons. A two-
tailed p < 0.05 was considered statistically significant. 
Statistical tests were conducted with XLSTAT v19.03 
software (Addinsoft, Paris, France). 
Results 
We identified and analyzed 1,396 drop-outs during 
the 116 recorded days, that is 12 per day. The typical 
total time with missing SpO2 readings (drop-outs) was 
minimal (median 2.79 minutes/day, range 0.17–76), 
obviously skewed. The actual median duration of indi-
vidual drop-outs was 22 seconds (IQR: 15–37). 
The distribution of drop-out time among the five 
duration categories was: 7% for < 5 s, 24% for 5 to 
< 30 s, 21% for 30 to < 60 s, 21% for 60 to < 120 s, and 
29% for 120 s or greater. Thus about half of the drop-
out time was deemed, according to our prospective 
definition, relevant to SpO2 control. Details of the vari-
ation among the duration categories are tabulated in 
Table 1. During 59 of the 116 days, there were no pro-
longed drop-outs. When present, the median duration 
of these prolonged drop-outs was almost 2 minutes 
(110 s, IQR 85–150). 
Table 1: Total Drop-Out time in each duration cate-
gory (minutes/day). 
Category Duration 
 n (n/day) Median (IQR) Range 
< 5 s  485 (4.2) 0.17 (0.08–0.25) 0–18 
5 to < 30 s  572 (4.9) 0.83 (0.42–1.33) 0–29 
30 to < 60 s  195 (1.7) 0.58 (0–1.35) 0–15 
60 to < 120 s  89 (0.8) 0 (0–1.35) 0–16 
120 to < 600 s 55 (0.5) 0 (0–2.0) 0.2–32 
Total 1396 (12) 2.79 (1.50–5.04) 0.17–76 
The differences in the frequency of and total length of 
time among each of the 5 categories are statistically 
significant (p < 0.001). The frequency of episodes 
between each categories were all statistically signifi-
cantly different (p < 0.05), except between the two 
longest.  The time in the shortest category was not sig-
nificantly different than in the two longest categories. 
Other differences were significant (p < 0.05). 
Excessive drop-out time (outliers with >8.6 minutes 
of drop-out in a day) occurred in only 14 of the 116 
days. In this group of outliers the median duration of 
time without SpO2 readings was 16 minutes (IQR 11–
31), significantly longer than the nominal group 
(2 minutes (IQR 1–4), p<0.001). The predominant 
factor in the difference between the two categories was 
the number of prolonged episodes, rather than their 
duration. The median duration of prolonged drop-out 
episodes in the outlier drop-out group was 134 s (IQR 
8–147) and was not significantly different from nomi-
nal group: 100 s (IQR 80–145). In contrast, the median 
rates of prolonged drop-outs per day were 4 (IQR 3.25–
9.25) and 0 (IQR 0–1.0) respectively, and the 
difference was significant (p < 0.001). Other details of 
the difference in the frequency of prolonged drop-outs 
are tabulated by outlier category in Table 2. 
Table 2: Frequency of Episodes 1 minute or longer 
(n/24 hours). 
Category n Median (IQR) Range 
typical 102 0 (0–1) 0–3 
outliers 14 4 (3.25–9.25) 2–14 
The differences are statistically significant (p < 0.001). 
Discussion 
In this group of very preterm infants who required 
respiratory support and supplemental oxygen, oximeter 
dropouts were common, that is one every few hours. 
Furthermore, the total time without SpO2 readings was 
relatively low and the typical duration of each episode 
relatively short. Only about half the days saw one or 
more prolonged drop-out, and only 12% of the days 
experienced an atypically high amount of time with 
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drop-outs. We also found that in the case of the latter 
the total number of prolonged episodes was much 
higher. 
The best practices for manual adjustment of inspired 
oxygen call for the nurse to observe the situation and 
only make adjustments after assessing the situation 
with the oximeter alarms and alerts as well as the 
infant. Response to a perturbation in SpO2 quicker than 
1–2 minutes, except in the case of an emergency, would 
be considered too fast. One study did look at the effect-
tiveness of SpO2 control with two manual strategies; 
attentive (45–75 s) and observative (130–195 s) [9]. 
They found that faster was better. Nevertheless, in 
routine care the risk of excessive overshoot in oxygen 
could only be mitigated with a dedicated operator as 
used in the study, so caution was advised. We found 
only a small percentage of the days of care were 
associated with frequent prolonged episodes, and most 
of those were shorter than 2 minutes. Thus, it would 
seem that the practice of only considering a change to 
FiO2 if an alarm condition persists for 1–2 minutes 
mitigates most of the concern about what adjustment 
should be made during periods of drop out. Never-
theless, false alarms from artifacts, including drop-
outs, are a constant irritant and a source of the risk 
associated with alarm fatigue [10]. Further, one careful 
study did evaluate the likely SpO2 reading following 
drop-out and Lim et al. concluded that blind adjustment 
to FiO2 should not be made during drop-out [11]. 
Neonatal respiratory support systems that auto-
matically adjust inspired oxygen based on SpO2 (Auto-
FiO2) have become available from a number of compa-
nies and are being widely adopted [12]. They continu-
ously monitor SpO2 and many make adjustments every 
second as necessary. 
The long established international standard for phys-
iological control systems require a fall-back function 
when the signal to the control algorithm is unavailable 
[13]. Because of the continuous SpO2 signal into the 
controller, every drop-out no matter how short has 
impact and must be addressed. In general the approach 
of these Auto-FiO2 controllers is not documented. One 
Auto-FiO2 system stops the auto function when the 
input is unavailable, or if there is a major drop in SpO2, 
and requires manual intervention by the clinician. 
Another system ignores short drop-out periods but if 
they persist changes the FiO2 to a fall-back level based 
on several previous FiO2 metrics. No fall-back ap-
proach is perfect, but they all ought to be compared to 
standard manual care. One such study has just finished 
and the results are promising [personal communi-
cation]. Predictably, it appears that following drop-outs 
Auto-FiO2, when compared to manual control, reduces 
the likelihood of hypoxemia, and increases the likely-
hood of normoxemia but also hyperoxemia. Auto-FiO2 
systems have been shown in clinical studies to be safe 
and effective [6]. However, suboptimal fall-back ap-
proaches, as suggested by the work of Lim [11], might 
detract from their potential effectiveness, and potential-
ly pose risks. These might include excessive overshoot 
from hypoxemia or swings between hypoxemia and 
hyperoxemia. 
Our analysis has some limitations. First, each drop-
out was treated as an independent event. It is likely that 
a period of several minutes of intermittent short drop-
outs would have the same clinical impact on manual 
and auto control as one long episode. Although the total 
time with missing SpO2 values was relatively small, the 
prevalence of clusters of drop-out ought to be explored. 
Second, while this is to our knowledge the first report 
of the characterization of drop-outs, it reflects the 
experience of 58 neonates, one study with a different 
oximeter suggests a higher frequency of drop-outs [11], 
which could reflect a different group of infants or 
a different averaging of the oximeter. Additional 
studies to broaden these findings and these results are 
warranted. 
Conclusion 
We confirmed that oximeter drop-outs probably do 
not generally impact clinical decision making during 
manual titration of inspired oxygen. While their 
prevalence is limited, and they are of short duration, 
they do contribute to false alarms and the potential for 
alarm fatigue as an acknowledged risk factor. In con-
trast, we suggest their prevalence would have an impact 
on the effectiveness during automated control of in-
spired oxygen. For this reason the fall-back approaches 
of commercially available systems ought to be docu-
mented and evaluated. 
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